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The present invention relates to low molecular weight monoalkyl phosphinate and monoalkyl 
phosphonate copolymers, and to a process for preparing them. A . rnant 
Low molecular weight copolymers, and their salts, are useful as dispersants, scale inhibrtors. detergent 
additives, sequestrants. etc. They can also act as crosslinkers for hydroxyl-containing substrates via 
5 esterification reactions or for amine-containing substrates via aminolysis reactions Generally, molester 
weights below 50.000 are necessary for effective performance, and often very low molecular we.ghts, below 

10,000. are most effective. «o^;=m„ 
It is common to use chain transfer agents in the polymerization reaction to produce low. and especially 
the very low. molecular weight polymers. Hypophosphorous acid or its salts (commonly sodium hypo- 

,o phosphite) are particularly desirable chain transfer agents. These chain transfer agents are chosen pr. mar. y 
because they introduce phosphinate and phosphonate functionality into polymer molecules wh.ch confers 
superior performance properties in some applications. Phosphorous acid is also known for use as a chain 
transfer agent, although it is considerably less reactive than hypophosphorous acid. As used he e.nafte . 
and in the appended claims, the term "hypophosphorous acid" is intended to .nclude alkali metal. 

,s ammonium and amine salts thereof, unless a clearly different meaning is indicated. 

The use of hypophosphorous acid and its benefits have been taught in several U.S. patents. US-A- 
2 957 931 teaches the use of hypophosphorous add to make organo-phosphorus compounds including 
ofgSfphosphorus telomere. US-A-4,046.707. US-A-4.1 05,551. US-A-4.1 27.483. ^"f^**"^ 
a method of inhibiting the formation of scale-forming salts using of acrylic acid telomere made by 

20 hypophosphorous acid chain transfer. US-A-4.621 .1 27 teaches the use 

decolorizing agent in a polymerization process. Japanese Patent No. 02-34694 teaches the use of 

hypophosphorous acid chain terminated polymers and copolymers as detergent additives. 

The use of hypophosphorous acid as a chain transfer agent results in the format.on of several differen 
polymer species. The reaction products include polymeric dialkyl phosphinate. polymeric monoalkyl 

25 phosphinate and polymeric monoalkyl phosphonate polymers. For certain applications, rt .s desirable to 
have either the di-or mono- alkyl derivative. 

US-A-4 681.686 discloses cotelomers made using hypophosphorous acid as a chain transfer agent. The 
cotelomers are prepared from a wide range of comonomer types for use as corrosion and scale inhibitors 
JsperTants. and sealing smut inhibitors. This patent discloses a preference for the polymenc d.alky. 

30 P nos E P ^^ P 5 r °Jg Ct t S eaches a method o{ increasing the efficiency of the incorporation of the hypo- 
phosphorous acid which subsequently resuHs in an increased yield of the di-alkyl phosphinate spec.es. In 
that application, the invention required from 20-100 percent in-process neutralization of the acd monomers 
in order to achieve efficient incorporation of the hypophosphorous acid. 
35 None of the prior art processes yields a low molecular weight soluble copolymer composition with high 
levels of monoalkyl phosphinate and monoalkyl phosphonate copolymers. 

An object of the present invention is to provide a low molecular weight water soluble copolymer 
composition with high levels of monoalkyl phosphinate and monoalkyl phosphonate copolymers. 

A further object is to provide a process by which one can obtain a copolymer composition wherein the 
40 ratio of the number of monoalkyl substituted phosphinate and phosphonate copolymers to the number of 
dialkyl substituted phosphinate copolymers is at least 0.7:1. rfl , h0 wlic 
A further objective of the present invention is to prepare low molecular we.ght water soluble carboxyl.c 
acid based copolymer mixtures wherein the ratio of incorporated phosphorus present as monoa ky 
phosphinate and monoalkyl phosphonate moieties to the level of incorporated phosphorus present as d.alkyl 
45 phosphinate is at least 0.7:1 . 

These objectives are met by the present invention. „ nl% . mar 
According to a first aspect of the present invention there is provided a process for prepanng a polymer 
mixture containing polymeric monoalkyl phosphinates and polymeric monoalkyl phosphonates compns.ng 

so S'^POPhosphorous acid; (b) at least one monoethylenically unsaturated monocarboxylic add or salts 
thereof: (c) at least one C3-C3 monoethylenically unsaturated dicarboxylic acid, anhydride. ; salts or Ci-C* 
mono-esters thereof: and optionally <d) a non-carboxylic acid monomer, wherein the d ^^ ™£ ™ 
used in an amount effective to provide a polymer mixture in which at least 40 percen of the incorporated 
phosphorus is in the form of polymeric monoalkyl phosphinate and polymeric monoalkyl phosphonate. 

55 According to a second aspect of the present invention there is provided a water soluble polymer 
mixture containing polymeric monoalkyl phosphinates. polymeric monoalkyl phosphonates and po lymeric 
dialkyl phosphinates wherein at least 40 percent of the incorporated phosphorus is present as polymeric 
monoalkyl phosphinate and polymeric monoalkyl phosphonate. 
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The alkaline neutralizer may be any inorganic or organic base. Among the preferred bases which may be 
used are sodium hydroxide, potassium hydroxide, ammonium hydroxide, triethanolamine, dimethyl ammo 
ethanol. ethanolamine. and trimethyl hydroxyethyl ammonium hydroxide. The level of neutralizer is prefer- 
ably 0 to 19.5 percent equivalents based on the acid or anhydride monomer content of the total monomer 
charges. 

Polymerizations are normally run at greater than 20 percent solids (nonvolatile solids in aqueous 
polymerized product) and preferably in the 40 to 60 percent solids range. Polymerization temperatures are 
generally between 60 and 120' C, with a preferred range of from 75 to 95* C. 

The process requires charging an aqueous solution of the monoethylenically unsaturated dicarboxylic 
acid to the reactor, preferably under an inert atmosphere such as nitrogen. Each of the remaining reactants. 
monomer, chain transfer agent, initiator, and alkaline neutralizer if used are then co-fed into the reactor after 
bringing the reactor contents to the reaction temperature. Preferably, the reactants are added to the stirred 
reactor contents separately, and at a linear rate, over a period of from about 30 minutes to about 3 hours. 
Linear feed rate refers to maintaining substantially the same feed rate of reactants during the entire addition 
period. Preferably, the reactants are added over a period of from about 1 to about 2 hours. In an alternative 
embodiment of this invention, it may be desirable to have non-linear feeds of the reactants such as. for 
example, feeding the chain transfer agent quickly in the beginning of the reaction and then slowing the feed 
down possibly completing the feed before the other feeds are complete. In a preferred embodiment, the 
alkaline neutralizer is fed as a separate step before the addition of the other solutions. In a batch process, 
the polymerization is conducted until all ingredients have been added and polymerization is complete. If 
residual monomer levels are higher than desired, a longer hold period may be employed with optional 
addition of more initiator or other suitable monomer scavengers. 

The initiator, chain transfer agent and alkaline neutralizer are normally added as aqueous solutions for 
simplicity and accuracy of metering and more uniform reaction. The reactants can be fed separately 
although some preblending may be practised; blending of monomers or preneutralizing the acid monomer 
are examples of alternative modes by the present invention. 

The fate of the hypophosphorous acid in the polymerization reaction can be one of several products. 
The reaction products formed are a mixture of species. NMR analysis indicates the relative amounts of 
each of the following: 

A - INCORPORATED: Polymeric 

o 
II 

(1) Monoalkyl phosphinate Polymer-P-H 

OX 

O 
I I 

(2) Monoalkyl phosphonate Polymer— P-OX 

OX 



50 



o 
1 1 

(3) Dialkyl phosphinate Polymer-P-Polymer 

OX 
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B - NOT INCORPORATED: Inorganic 
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O 

(4) Hypophosphorous Acid H--P-H 

I 

OX 



(5) Phosphorous Acid H-P-OX 

I 



75 



OX 



where X is hydrogen, or an alkali, ammonium or amine cation. 



*o illusJaTeJt ^^r^^^Z^^^T\ PrOC6SS 6mp,0yed - AS 

polymerizable monomer of a C 3 -£ nonoeZ^XJuZJ^ h *° Ut f PerCent by W6i9ht of total 
greater than 40 percent of the ^ncTroorateT d,carboxyl,c acid as a comonomer have 

monoalky. phosphonate. preferably greaT Sn^TrZ ^ """^^ phosphina ' a — 

Incorporated phosphorus refers to Secies of L L^TT ? m ° St P referablv neater than 60 percent. 

2S has taken part in the polymerize^ ? n °[ ? ^ "* "^^sphorous acid 

represents the relative number ^2^^^^!^^ T * ^ * * given which 

phosphinate or monoalkyl phosohonate to S ph ° sph , orus has be * n incorporated as a monoalky! 

incorporated as a dialkyK ° m ° ,eCU,eS Wher6in th * phOSphorus has been 

30 phosphors ^re^fS arZ^Ts^Z at ,aa * « P-ent of the incorporated 

have a mono- to dJ^fVK^TffSS ^ M pnos P honate . "* the polymer mixtures 
heretofore by the prior prace?^ mixtures are therefore improved over those available 

amount of hypoprLphol" ^^^11^^^^ V* Up °" the 

monoethy.enica..y unsaturated dicar^^ STZST. "? th ?. amoum ° f the ^ 

» Phosphonateswil, represent at least 40 pe^ th^ and monoalk V< 

The present invention will now be described only by way of examples. 



Example 1 



40 



45 



50 



55 



equipped ST/mSES STr * tSZZTi T T — * a « ve ^ 

monomer, initiator an Tsodium Zpop^ZsL^TT ""l™"* 3dditi0n 0f nitro 9 en ' 

and the reactor contents were SSS^ZSTZ'i T£ * the hMd Space 

dissolving 0.04 grams of iron suffate to 40 0 g £m vl ^T^T*' S ° ,Uti0n was pre P ared b * 
added to the reactor. 184 orams of a 5rTn«™ k ! 6d Water - 17,(3 P romoter solution was then 
stirred reactor over five minutes The SoSTe™ -V* 9 ? S ° diUm hydrOXide SO,ution was added to the 
raised the temperature o tractor cSte^ te S"^^ neutra,i2ation ° f *• maleic anhydride 
Three cofeed solutions weTe Z£Z^ °T ?" he re3Cti0n miXture was further heate a to 90 -C. 

of 10.0 grams Ts^Z ^Ze^iL^T^T * 525 ^ ° f ^ add ' an initiat °' cofaed 
cofeed of 294.4 grams ™^^Td2S21 ^f"! ° f d8i ° ni2ed Water - and a chain re 9 ulator 
The three cofeedV^r "added to ta?E2£? m °, n ° hydrate disso,ved if1 320.0 grams of deionized water, 
temperature of the mixture at 90 * 1 ' C Zt n V separately over two hours while maintaining the 
90-C for another 30 -^"^oS^^tCS - "* *" ^ ~ " 

wa^J^M^^^^SJT ^ TV d6termine the W6ight «""* m ° ,a — 
the hypophosphorous loTZl^ZX ^ ^ "* ^ ° f °< 
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The same procedure was followed as in Example 1 except that the initial charge of deionized water was 
317.0 grams, and a fourth cofeed solution of 386.75 grams of 50 percent by weight sodium hydrox.de was 
used. The data appear in Table I below. 



5 Example 3 



The same procedure was followed as in Example 1 except that the sodium hypophosphite solution was 
cofed over 75 minutes from the start of the additions. The data appear in Table I below. 



10 Example 4 



The same procedure was followed as in Example 3 except that 20.0 grams of sodium persulfate was 
dissolved in 1 16.0 grams of deionized water. The data appear in Table I below. 



f5 Example 5 



The same procedure was followed as in Example 3 except that 30.0 grams of sodium persulfate was 
dissolved in 116.0 grams of deionized water. The data appear in Table I below. 



20 Example 6 



The same procedure was followed as in Example 3 except that 40.0 grams of sodium persulfate was 
dissolved in 116.0 grams of deionized water. The data appear in Table I below. 

25 Example 7 

The same procedure was followed as in Example 3 except that 95.1 grams of a 50 percent by weight 
solution of sodium hydroxide was added to the reactor. The data appear in Table I below. 

30 Example 8 

The same procedure was followed as in Example 3 except that 47.5 grams of a 50 percent by weight 
solution of sodium hydroxide was added to the reactor. The data appear in Table I below. 

35 Example 9 

The same procedure was followed as in Example 1 except that the chain regulator cofeed was made by 
dissolving 200.0 grams of sodium hypophosphite monohydrate in 320.0 grams of deionized water. The data 
appear in Table I below. 

40 

Example 10 

The same procedure was followed as in Example 9 except that the temperature of the reaction was 
maintained at 86 * 1 * C. The data appear in Table I below. 

Example 11 

The same procedure was followed as in Example 9 except that the temperature of the reaction was 
maintained at 82 ± 1 * C. The data appear in Table I below. 

Example 12 

The same procedure was followed as in Example 1 except that the initial charge of deionized water was 
500.0 grams, no initiator promoter solution was used, the chain regulator cofeed was made by dissaving 
55 135.0 grams of sodium hypophosphite monohydrate in 220.0 grams of deionized water and the temperature 
of the reaction was maintained at 86 ± 1 * C. The data appear in Table I below. 

Example 13 
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90.0 g-ams of axiium hyOT^hi^m^oh3^',™ 0 *TJT^° , T dissolvl " 9 
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hydroxide solution was added to the stirred I rSctor «Lr 9 T l! 5 ° PerC6nt by Weight sodium 

dissolved in 250.0 grams of defonTzec £L JTT S ° d ' Um h yP°P hos P hite monohydrate 
regulator solution was fed into the 100 mlnlf^t T ""I* simu,taneou «'y- ™e chain 

over two hours while n^i^Jni?^,^? ^ 
cofeeds, the mixture was held at 90 -C fnr a n«thJ Vn m °V ure at 90 4 1 C. Following the addition of the 
data appear in Table I Sow ^ 3 ° m ' nUteS a " d then COO,ed to room temperature. The 
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35 



dissolved in 310.0 grams r d e3zed wa^lhe ZfJST!! " monohydrate 
regulator solution was fed into IE ^SSoTSS T Sta ' 1ed simultaneo ^'y- The chain 

over two hours whNe Z^^Z^u^TS^ * '"h^ 6 ^ 

cofeeds, the mixture was held at Qn«r w ,! m,xture 31 90 * 1 C. Following the addition of the 

data appear in Table .below 9 ° ""^ 30 mmutes «* then cooled to room temperature. The 



data appear in Table I below 
40 Example 16 - COMPARATIVE 
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phosphite solutions. A nSrZ ^ 1 LfT ?^ 9en ' """^ initiator and sodium hv P°- 
and heated to 86' C FtoTSLlTS ♦ head Space and the reactor stents were stirred 

neutralize cofeed of 148 8 o^ nf U° f® rsulfate dissolved in 116.0 grams of deionized water, a 

to room temperature. The data appear in T^ote IT below ^ 3 ° m, " UteS and then C00,ed 

Example 17 - COMPARATIVE 

dJ£n: ,o "° wea as * ,e ■« - — - The 
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Example 18 

500 0 grams of deionized water and 225 grams of maleic anhydride were added to a five liter flask 
equipped with a mechanical stirrer, condenser, thermometer, and inlets for the addition of nitrogen, 
monomer initiator and sodium hypophosphite solutions. A nitrogen stream was started in the head space 
and the reactor contents were stirred and heated to 40* C. 184 grams of a 50 percent by we.ght sodium 
hydroxide solution was added to the stirred reactor over five minutes. The exotherm resulting from the 
neutralization of the maleic anhydride raised the temperature of the reactor contents to 80 'C. The reaction 
mixture was further heated to 86 "C. Three cofeed solutions were prepared: a monomer cofeed of 525 
grams of acrylic acid, an initiator cofeed of 15.69 grams of 75 percent by weight 4,4-Bis Azo(4-cyanovaler.c 
acid) and 6.72 grams of 50 percent by weight sodium hydroxide dissolved in 150.0 grams of deionized 
water and a chain regulator cofeed of 200.0 grams of sodium hypophosphite monohydrate dissolved in 
300 o' grams of deionized water. The three cofeeds were added to the reactor linearly and separately over 
two hours while maintaining the temperature of the mixture at 86 t VC. Following the addition of the 
cofeeds. the mixture was held at 86* C for another 30 minutes and then cooled to room temperature. The 
data appear in Table I below. 

Example 19 

500 grams of deionized water and 213.3 grams of itaconic acid were added to a five liter flask equipped 
with a mechanical stirrer, condenser, thermometer, and inlets for the addition of nitrogen, monomer, initiator 
and sodium hypophosphite solutions. A nitrogen stream was started in the head space and the reactor 
contents were stirred and heated to 40* C. 184 grams of a 50 percent by weight sodium hydroxide solution 
was added to the stirred reactor over five minutes. The exotherm resulting from the neutralization of the 
maleic anhydride raised the temperature of the reactor contents to 65' C. The reaction mixture was further 
heated to 86*C. Three cofeed solutions were prepared: a monomer cofeed of 375.5 grams of acrylic acid, 
an initiator cofeed of 7.14 grams of sodium persulfate dissolved in 71.4 grams of deionized water, and a 
chain regulator cofeed of 143.0 grams of sodium hypophosphite monohydrate dissolved in 214.0 grams of 
deionized water. The three cofeeds were added to the reactor linearly and separately over two hours while 
maintaining the temperature of the mixture at 86 * 1 *C. Following the addition of the cofeeds, the mixture 
was held at 86* C for another 30 minutes and then cooled to room temperature. The data appear in Table I 
below. 

Example 20 

500 grams of deionized water and 160.7 grams of maleic acid were added to a five liter flask equipped 
with a mechanical stirrer, condenser, thermometer, and inlets for the addition of nitrogen, monomer, initiator 
and sodium hypophosphite solutions. A nitrogen stream was started in the head space and the reactor 
contents were stirred and heated to 40'C. 123.8 grams of a 50 percent by weight sodium hydrox.de 
solution was added to the stirred reactor over five minutes. The exotherm resulting from the neutralization of 
the maleic anhydride raised the temperature of the reactor contents to 80 *C. The reaction mixture was 
further heated to 86* C. Three cofeed solutions were prepared: a monomer cofeed of 307.1 grams of acrylic 
acid and 68.4 grams of hydroxyethyl aery late, an initiator cofeed of 7.14 grams of sodium persulfate 
dissolved in 71.4 grams of deionized water, and a chain regulator cofeed of 143.0 grams of sodium 
hypophosphite monohydrate dissolved in 214.0 grams of deionized water. The three cofeeds were added to 
the reactor linearly and separately over two hours while maintaining the temperature of the mixture at 86 ± 
1 -C. Following the addition of the cofeeds, the mixture was held at 86* C for another 30 minutes and then 
cooled to room temperature. The data appear in Table I below. 

so Example 21 

206 grams of deionized water and 30 grams of a 0.1 percent by weight iron sulfate heptahydrate 
solution were added to a five liter flask equipped with a mechanical stirrer, condenser, thermometer, and 
inlets for the addition of nitrogen, neutralizing solution, monomer, initiator and sodium hypophosphite 
solutions. A nitrogen stream was started in the head space and the reactor contents were stirred and heated 
to 90 *C. Four cofeed solutions were prepared: a monomer cofeed of 325 grams of acrylic acid, 175 grams 
of maleic anhydride and 200 grams of deionized water; an alkaline neutralizer cofeed of 451.6 grams of 50 
percent by weight sodium hydroxide and 100 grams of deionized water; an initiator cofeed of 5.0 grams of 
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sodium persulfate dissolved in 80.0 grams of deionized water; and a chain regulator cofeed of 27 6 grams 
^T^TT* r° n0hydrate diSS0,V6d in 66 9 rams ° f ««on««« water. The four cofeeds'weTe 
J£V° 2 ?; 1££^ZZF~*S' ° Ver »° hOUfS While maintaini "9 the mature of the mixture^ 
h ?k" ™ low,n9 the add,tlon of the cof eeds. the mixture was held at 90 'C for another 30 minutes 
and then cooled to room temperature. The data appear in Table I below. 



Example 22 
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400 grams of denized water and 162.7 grams of maleic anhydride were added to a five liter flask 
monomer 2\' f"' °° ndenMr ' and inlets for the addition of nft ogen 

and JOT* !° d ' Um hy P°P hos P hite ^ns. A nitrogen stream was started in the head space 
and the reactor contents were sfrred and heated to 86 -C. Three cofeed solutions were prepared- a 
monomer cofeed of 375.5 grams of acryiic acid, an initiator cofeed of 7.14 grams of Z. SrsuSate 
dissolved ,n 71.4 grams of deionized water, and a chain regu.ator cofeed of 143 1 grams of sodium 

2?£S?r 7 n ° h H ydrate di T' Ved 214 9ramS ° f deioni2ed water - The oof eeHer added to 
the reactor . nearly and separately over two hours while maintaining the temperature of the mixture at 86 * 
1 C. Followmg the add.t.on of the cofeeds. the mixture was held at 86' C for another 30 minutes and then 
cooled to room temperature. The data appear in Table I below. 

20 Example 23 

400 grams of deionized water and 162.7 grams of maleic anhydride were added to a five liter flask 
equ.pped with a mechanical stirrer, condenser, thermometer, and inlets for the addition of nft ogen 
monomer, abator and sodium hypophosphite solutions. A nitrogen stream was started I in the head Xe 
h h M r9aC °I. COntentS Were Stirred «* hea ted to 40-C. 262.? grams of a 50 percent V weighfsodTum 
hyd ox.de solufton was added to the stirred reactor over ten minutes. The exotherm resultmg fro^ the 
neutral.zat.on of the maleic anhydride raised the temperature of the reactor contents to 86 • C ^ Three cofeed 
SmTof 3 PreP3re< ?; 3 r n0m6r C ° feed ° f 375 5 *™ of acr * ic acid ' an initiator coTeed of £l4 

so U^l^TJ? d L SSO, I ed in 714 9ramS ° f dei ° ni2ed Water ' and a chain re 9"'ator cofeed of 

so 143.1 grams of sod.um hypophosphite monohydrate dissolved in 214 grams of deionized water The three 

oHhe JZeTnlTr 'IT' ' inearly 3nd Separate,y ° Ver h ° U ' S while maintaining thttemperltu" 
of the mixture at 86 ± 1 'C. Following the addition of the cofeeds. the mixture was held at 86 • C for another 
30 m.nutes and then cooled to room temperature. The data appear in Table I below. 

35 Example 24 

200 grams of deionized water was added to a five liter flask equipped with a mechanical stirrer 

ZZSZZttlfn A " rtr ° 9en , stream wa s started in the head space and the reactor contents were stirSd 
and heated to 86'C. Three cofeed solutions were prepared: a monomer cofeed of 265.3 grams of acrylic 
acd. 1 12.5 grams of maleic anhydride, and 194.5 grams of deionized water; an initiator cofeed of 5 0 grams 

iSTS" ? di T ' ved in 50 0 9rams of deionized water: and a chain re 9"' ator ot 9 ioao 

grams of sod.um hypophosphite monohydrate dissolved in 150.0 grams of deionized water The three 

30 m!nut? s thl , , f " 9 *" adMon ° f ^ C ° feedS ' the mixture w « held ^ 86'C for another 
30 m.nutes and then cooled to room temperature. The data appear in Table I below 

In Table I. values are reported as follows: 
^AA/MALAC" are grams of acrylic acid and grams of maleic anhydride used; 
NaHPP" are grams of sodium hypophosphite monohydrate used; 
so "Temp" is temperature; 

^NaOH" are molar equivalents of base added based on the total monomer acids- 
Res. Monomer" are percent of residual monomer based on initial charge- 
Mw" is weight average molecular weight; 

ss "ZZ°J^", f e ? e rati ° S ° f the am ° Unt ° f P nos P horus incorporated as a monoalkyl phosphinate or 
55 monoalkyl phosphonate to the amount of phosphorus incorporated as dialkyl phosphinate; and 

poSr " m °' e P6rCent ° f phOSphorus ' based on tne initia ' charge, which is not incorporated into a 
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The data in Table I demonstrate that the use of a C 3 -C s monoethylenically unsaturated dicarboxylic 
acid in the polymerization of a monoethylenically unsaturated monocarboxylic acid increases the amount of 
the incorporated phosphorus present as monoalkyl phosphinate and monoalkyl phosphonate. This effect 
can be seen when the C 3 -Cs monoethylenically unsaturated dicarboxylic acid is present as a heel charge or 
when it is cofed. The effect is also seen when the C 3 -C s monoethylenically unsaturated dicarboxylic acid is 
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EP 0 510 831 A1 



u~''S , xrs„' ui,v neu,,aN2ed — * «— — — 

Claims 

1 * m^no^ *? pre k Parin9 3 P0lymer mixture c °"teinin9 polymeric monoalkyl phosphinates and polymeric 
monoalkyl phosphonates comprising polymerizing poiymenc 

a) hypophosphorous acid, 

b) at least one monoethylenically unsaturated monocarboxylic acid or salts thereof 

c) at least one Cs-Cg monoethylenically unsaturated dicarboxylic acid, anhydride salts or C,-C* 
mono-esters thereof, and optionally «"»iyun ae . sans or t, : u 

d) a non-carboxylic acid monomer 

wherein the dicarboxylic acid is used in an amount effective to provide a polymer mixture in which at 
rSTir P ~ ^ ^ ** ° f ~ ™ Sphin^ and' 

* seS^m^iv t0 H Claim . 1 ^ monoet Wenica.ly unsaturated monocarboxy.ic acid is 
selected from acryhc acd. methacryhc acid, vinyl acetic acid, crotonic acid, and acryloxypropionic acid. 

* ylic acfd S is'seSd ZZSl " 2 the -"^oethylenically unsaturated dicarbox- 
mon^^f ma,e ' C aC,d ' ' taCOmC aCid * ,UmariC aCid " th6ir "■**«- and 

». A process according to any one of the preceding claims wherein the polymer mixture has a weioht 
average molecular weight of less than about 5.000. 9 

L JhSomsTn^ iTSS ° f PreCedi " 9 daimS Wh6rein 31 ,8aSt 60 percent of *• incorporated 
phosphorus <s m the form of poiymenc monoalkyl phosphinate and polymeric monoalkyl phosphonate. 

' iJ^t£^^ r *, PreCedin9 daimS Wh6rein 406 "^arboxylic acid monomer is 
mSJ h ST k!^. of acrv, ' c or methacrylic acid such as methyl, ethyl or butyl acrylate or 
methyl, butyl or .sobutyl methacrylate, hydroxyalkyl esters of acrylic or methacrylic acids such as 
hydroxyehyl or hydroxypropy. acrylate or methacrylate, acrylamide Si ac %.amides 

SSf^^ "rr 6 ' methy, °' Phoiphoethy. ZSLjEfiSfc 

^™l y} ■ ? « 6 8 3nd etherS ' acr y |onitri te. vinyl acetate, vinyl pyridines, vinyl pyrrolidines 
styrene. v.ny. sulfon.c acid or salts thereof and 2-acr y .amido-2-methyl propane sulfonic acid ofsalts 

^r«nhL SO t ,Uble m ! XtUre containin 9 Po'ymeric monoalkyl phosphinates. polymeric monoalkyl 

phosphonates and polymeric dialkyl phosphinates wherein at least 40 percent of the incoraorated 
phosphorus ,s present as po.ymeric monoalkyl phosphinate and polymeric monoatyT^ 

o^sent^ UST *? C ' aim 7 wherein at ,ea * 60 percent of the incorporated phosphorus is 

present as poiymenc monoalkyl phosphinate and polymeric monoalkyl phosphonate. 
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